hours. The other major groups requiring ventilation are patients with head or chest trauma (<15%) and various forms of poisoning (<8%) and those who are critically ill with severe primary respiratory (< 15%) or cardiac (<3%) disease." A very small group of patients receive mechanical ventilation at home or in specialised institutions; these will be considered separately in articles 5 and 6 of this series.
A comprehensive list of indications for mechanical ventilation appears in table 2. Indications for mechanical ventilation in anaesthesia, after surgery, in neonates and in organ donation are outside the scope of this review. Mechanical ventilation should be used only when it is strictly necessary as there are many inherent risks.8 Indeed, ventilation may unnecessarily prolong the distress of terminal disease and the benefits of its use should therefore be carefully weighed against the disadvantages. The basic "recipe" for setting up intermittent positive pressure ventilation, in a patient without lung disease, appears in table 3.
Benefits of mechanical ventilation
The principal benefit of mechanical ventila- A second circumstance in which the decision to ventilate is difficult is in acute respiratory failure associated with terminal malignancy, advanced AIDS, or severe chronic airflow limitation, because it is often impossible to predict whether the underlying disease will allow sufficient recovery for successful weaning from the ventilator. Published figures from various centres indicate that the mortality of these patients while ventilated is very high722 and associated with substantial human and material costs.23 A decision to withhold mechanical ventilation in these patients should be made by a senior physician who first takes into account the present wishes of the fully conscious patient or the known wishes of the unconscious patient. In the unconscious patient the views of the closest relatives and of the staff directly concerned should also be considered. Where there is doubt, it is ethically more acceptable to withdraw treatment later than to withhold it in the moment of crisis.'3 '4 All possible measures should be used in these patients to postpone the need for ventilationfor example, the use of doxapram if there is inadequate respiratory drive, continuous positive airway pressure if the main problem is airway collapse, and nasal intermittent positive pressure ventilation, which may be well tolerated for short periods, obviating the need for endotracheal intubation. 24 It may be equally difficult to define the precise moment when ventilation should be started. Despite 70 years of worldwide experience with mechanical ventilation, there are no exact criteria on which to base a decision. "
In the past 25 years, however, guidelines have evolved from a consensus of opinion among physicians and anaesthetists. Table 4 shows a set of physiological variables with a range of critical values that have been proposed by several authors. These critical values, however, are empirical, merely representing the accumulated experience of clinicians.71922 The decision to ventilate therefore rests firmly on the clinical findings. For example, having rapidly worsening respiratory variables is more important than exceeding a single critical value; fatigue and exhaustion cannot be quantified and should be judged by an experienced clinician. It is generally accepted, however, that reaching any of the critical values in table 4 is associated with terminal respiratory failure unless mechanical ventilation is instituted." Table 5 lists the clinical factors which, complemented by the variables of table 4, influence the decision to start mechanical ventilation.
Ideally, severe respiratory failure should be anticipated and the decision to ventilate should be made before more than one of the critical values of table 4 is exceeded. Severe dyspnoea, restlessness, and exhaustion are in themselves good indicators for initiating ventilation when the underlying clinical condition is not expected to improve within one to two hours. Patients with impending acute respiratory failure need frequent and expert monitoring within an intensive care setting so that the decision to ventilate can be made at the appropriate time. Admission to the intensive therapy unit should therefore be arranged before mechanical ventilation is actually needed because a delay in the decision to ventilate may trigger a sequence of irreversible events, including multiple organ failure and cerebral oedema. Furthermore, the risks associated with sedation and endotracheal intubation increase as the clinical state of the patient deteriorates. The state of the patient is too often allowed to deteriorate too far in the general medical or surgical ward before being admitted to the intensive therapy unit. On the other hand, the usual consensus among physicians and surgeons, because of the high costs and the fierce competition for beds, is that admission to the intensive therapy unit is not warranted until intermittent positive pressure ventilation is essential. This deadlock, with obvious disadvantages to the patients, can be resolved only if clear policies for admission to the intensive therapy unit are established among the senior clinicians concerned. Scoring systems that help to predict the probability of survival of severely ill patients7 may help in defining such admission policies. Intermittent positive pressure ventilation should be avoided after lung surgery that includes bronchial resection because of the high incidence of bronchopleural fistula originating at the bronchial stump. If respiratory failure is due to lack of central drive doxapram could be tried before intermittent positive pressure ventilation is considered; narcotic analgesics should be avoided and pain relief by local analgesia is useful. If ventilation is necessary because of temporary respiratory failure endobronchial intubation of the intact side should be considered. If endobronchial intubation is not possible maximum inflation pressure, through a normal endotracheal tube, should be kept below 20 cm H20 and positive end expiratory pressure should be avoided.
Special mechanical ventilation techniques
The "nuts and bolts" of ventilators and modalities of mechanical ventilation were reviewed in the first article (October, p753). Intermittent positive pressure ventilation, with or without positive end expiratory pressure, is the modality of mechanical ventilation best suited for anaesthesia, postoperative ventilation, cardiopulmonary resuscitation, and most non-surgical conditions treated in the intensive therapy unit. Modifications of the original technique, which allow spontaneous or assisted breaths, are often used in the intensive therapy unit. The problems of weaning and ventilatory assistance will be dealt with in article 4 
